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The Reduction Behavior of Synthetic Chromites by Carbon

Hiroshi G. KAaTAYAMA and Masanori ToxuUDA

Synopsis:

The chromites shown below were prepared synthetically and reduced by graphite powder under a CO
atmosphere : FeCr,O,4(Sp 1), MgCr,0,(Sp 2), (Feo.sMgo.5) CryO4(Sp 3), (Feo.sMgy.5) (Cro.sAl.5)204(Sp 4),
and Mg(Crq.6Aly.4) 204(Sp 5).

The results obtained are as follows:

1) In the case of the pure iron chromite Sp 1, the reduction of FeO component preceded that of
Cr,O;.  With the progress of the reduction, the metallic products changed in the following order:
Austenite—austenite + (Fe, Cr) ;C— (Fe, Cr);C+ (Cr, Fe),C3—>(Cr, Fe);C,.

2) The reduction of complex chromites containing iron oxide (Sp 3 and Sp 4) took place in two
stages. In the first stage with the reduction of the FeCr,O, component, FeO and Cr,0; were reduced
simultaneously at temperatures higher than 1150°C, although the reduction of FeO preceded at lower
temperatures. The reduction of the MgCr,O, component (the second stage) required higher tempera-
tures. It started at | 200°C and proceeded rapidly at temperatures higher than 1250°C in the case
of Sp 2 and Sp 3. The rapid progress of the reduction of MgCr,O, component of Sp 4 and Sp5
which contained Al,O; was only encountered at temperatures higher than 1330°C.

3) The metallic product of the chromites Sp 3 and Sp 4 was (Cr, Fe),C; in either reduction stage
of the FeCr,O, and MgCr,0O4 components. The final product of the reduction of the chromites Sp 2
and Sp 5 was CryCy, while an unidentified phase appeared during the course of the reduction and

was considered to be chromium oxycarbide.
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Table 1.

Densities and lattice parameters of synthetic chromites.

Density (g/cms3) Lattice parameter (A)
Chromite

This work Ref. This work Ref.
Sp 1 FeCr,O, 4.91 5.097 8.35 8.36%9
5.08® 8.357
8.348)

Sp 2 MgCr,O4 4.45 4,437 8.32 8.3267)
4,428 8.31%)
4.419 8.339
Sp 3 (Fey.sMgy.5) Gr,O4 4.66 4.75% 8.34 8.33*
Sp 4 (Feo.sMgy.5) (Cro.sAly.2) 304 4.54 4.57% 8.30 8.28%
Spb Mg (Crg.¢Aly.4) 204 4.13 4.07% 8.23 8.22%

* Calculated according to Vegard’s law using values in the literatures> .
g g g
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&1, Sp2 LREMEDLMET HR LI, LB LW
FobicAE 200 puE L7z, Sp3 ik Spl & Sp2 0%
= VRSWEHEFEZ ] 1o CO-CO, BE» AR
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Table 2. The ratios of graphite to chromite, ini-
tial carbon contents, and weight losses

corresponding to complete reduction.

Mole ratio of _car- | cobon
Chrffi)t—e bon to chromite content |4 (Wt%)
Actual | Equivalent¥| (Wt%)
Sp 1 5.5 5.28 22.79 38.65
Sp 2 4.5 4.33 21.94 34.11
Sp 3 5.0 4.57 22.40 36.56
Sp 4 4.5 3.80 21.44 32.22
Sp b 3. 2.60 19.61 23.52

A : Weight loss corresponding to complete reduction*.

* TFinal products are assumed to be (Cr,Fe);C3 for Sp 1, Sp 3,
and Sp 4 and Cr3C; for Sp 2 and Sp 5. Gaseous product is
assumed to be CO only.
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Fig. 1. Experimental apparatus.
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Fig. 2. Reduction curves of FeCr,O4 at various
temperatures.
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Fig. 3. X-ray diffraction patterns of FeCr,O,
reduced at 1120 and 1 150°C.
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Fig. 4. Reduction curves of MgCr,O, at various
temperatures.
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Fig. 5. X-ray diffraction patterns of MgCr,O,
reduced at various temperatures.
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Fig. 6. Reduction curves of (Fe, ;Mg, 5)Cr,04 at
various temperatures.
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Fig. 7. X-ray diffraction patterns of (Feq ;Mg 5)
Cr,0, reduced at various temperatures.
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Fig. 8. Reduction curves of (Fes sMgo 5)
(Cre.sAly.5),0, at various temperatures.
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Fig. 9. X-ray diffraction patterns of (Fe, ;Mg 5)
(Cry.sAly ) ;04 reduced at various temper-
atures.
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Fig. 10. Reduction curves of Mg (Cry ¢Aly )0, at
various temperatures.
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Fig. 11. X-ray diffraction patterns of Mg (Cirg.¢
Aly 4)204 reduced at various temper-
atures.
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Fig. 13. Log(Pco,/Pco)-temperature diagram for
reduction of iron-containing chromites
by carbon (Pco+Pco,=1 atm). The
numerals attached to the lines corres—
pond to the numbers of equations.
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Fig. 14. Plots of R/Rpc vs. reduction time for
iron-bearing chromites.
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Fig. 15. Log(Pco,/Pco)-temperature diagram for
reduction of picrochromites by carbon
(Pco+Pco,=1 atm).
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